PCR. The template for the polymerase chain reactions (PCR) was a plasmid containing a KpnI fragment that encodes the S. cerevisiae PABP gene (pYEA3) (1) . Topstrand PCR primers encoded six amino acids amino terminal to each RBD and, for RBDs II, III, and IV, included an AUG initiator codon. Bottom-strand primers were complementary to the region encoding six amino acids carboxyl terminal to each RBD. (See the legend to Fig. 2 for the specific positions of the primers.) Oligonucleotides were synthesized by the Northwestern University Biotechnology Center (Northwestern University, Evanston, Ill.). PCR were done using a GeneAmp (Cetus/Perkin Elmer) kit according to the manufacturer's instructions and were done in a Perkin Elmer thermal cycler. PCR products were cloned into pGEM7Z, and their identities were confirmed by DNA sequencing.
RNA-binding assays. Each pairwise combination of RBDs was produced by transcription of the cloned PCR fragments with T7 RNA polymerase (Promega), followed by translation of the resultant RNA in rabbit reticulocyte lysate (Promega) in the -presence of [35S]methionine (Amersham). All constructs yielded polypeptides of the expected sizes. The relative efficiency of each translation was monitored by trichloroacetic acid precipitation and liquid scintillation counting of duplicate samples. The amount of labeled polypeptide used in each binding reaction was varied such that equal trichloroacetic acid-precipitable counts were used for each binding reaction. RNA-binding assays were performed in 0.1 M salt as previously described (22) except that KCl was substituted for NaCl. Briefly, in vitro-translated polypeptides were added to agarose-bound RNA homopolymers (Pharmacia) in a total volume of 300 IlI of binding buffer (10 Binding of PABP and polypeptide fragments of PABP to ribohomopolymers. The PABP and a fragment containing just the RBDs (I to IV) was produced by in vitro transcription-translation of pYEA3 truncated either outside the coding region (PstI; lane PABP) or at an internal BstNl site that truncates the cDNA at nucleotide 1388 (relative to the 5' KpnI site) (lane RBD I-IV). Pairwise combinations of RBDs were produced by PCR of pYEA3 (see Fig. 2 ) and in vitro transcription-translation. An amount equivalent to 40% of the material used for each binding reaction is shown in the lanes marked TOTALS. RNA-binding assays were performed as described in Materials and Methods. In panel A, heparin (1 mg/ml) was added to the binding reaction; in panel B, yeast tRNA (0.5 mg/ml) was included in the binding reaction. The minor higher-molecular-weight polypeptides are artifacts of the in vitro transcription-translation. No binding to poly(C)-agarose was ever observed (data not shown).
mM Tris [pH 7.4], 2.5 mM MgCl2, 100 mM KCl, 0.5% Triton X-100). Either heparin (1 mg/ml; Sigma) or yeast tRNA (0.5 mg/ml; Boehringer Mannheim) was included in the binding reaction. After a 10-min incubation, the beads were washed four times with 1 ml of binding buffer and the bound material was eluted by boiling in sodium dodecyl sulfate (SDS) sample buffer. The products were electrophoresed in 12.5% SDS-polyacrylamide gels and visualized by fluorography (22 Nucleotide sequence accession number. The DNA and amino acid sequences for S. pombe PABP have been submitted to the GenBank data base and have been assigned the accession number M64603.
RESULTS AND DISCUSSION
The cDNA sequence of the PABP revealed that the protein contains four RBDs (1). The RNA-binding activity of the PABP is due to the RBDs because a mutant that deletes the carboxyl-terminal auxiliary domain binds RNA with properties identical to those of the full-length protein (Fig. 1 , lanes RBD I-IV; Fig. 2 Fig. 1 and 2 ). The most striking difference in the RNA-binding activities is observed in the presence of the nonspecific polyanion competitor heparin (Fig. 1A) . Under these conditions, the only poly(A)-binding activity resides in the amino-terminal RBDs I/II. When tRNA is used as a nonspecific RNA competitor (Fig. 1B) , it is evident that the other combinations of RBDs (IT/ITT and III/IV) have the capacity to bind poly(A), but this interaction is not selective for poly(A) and is not the strongest activity of these RBDs. Results nearly identical to those observed with tRNA as competitor were obtained in the absence of any competitor (data not shown). Most importantly, each pairwise combination, whether in the presence of tRNA competitor or heparin, had a distinct RNA-binding profile. These results support an earlier prediction (2) Fig. 3 . We note that the region of greatest identity includes the junction between RBDs I and II (shaded region of Fig. 3 ). There is a contiguous stretch of 13 identical amino acids between these two RBDs; in contrast, the junctions between the other RBDs have at most two contiguous identical amino acids. It appears that the binding activity of multiple RBD-containing RNP proteins is derived and specified not only by the particular determinants of the individual RBDs but also by their precise interactions and spatial positioning. Furthermore, the spatial positioning of RBDs may be influenced by the region that connects the RBDs and/or by specific RBD-RBD interactions. We cannot, however, rule out the possibility that this region itself also makes specific contacts with the RNA. As pointed out previously for the human and S. cerevisiae PABPs, the multiple RBDs appear to have been conserved individually, since each is more similar to the corresponding domain in each of the three other species than to any of the other domains, even within the same protein (8) . This observation is strengthened when one compares the sequences of four divergent organisms (Fig. 3) . The fourth domain is the most highly conserved (-60%), while RBDs I/II are also highly conserved (-55%). RBD III does not appear to be well conserved (-25%). In the less conserved auxiliary domain, the S. pombe sequence is more similar to the human and Xenopus laevis sequences than to the S. cerevisiae sequence.
After this report was submitted for publication, Nietfeld et al. (13) published experiments using the X. laevis PABP which were similar to those reported here. Our data agree with their conclusion that the minimal specific poly(A)- (18) . These authors concluded that RBD IV and the auxiliary domain contain the (single) high-affinity binding site of the protein for poly(A). However, these measurements were made in the absence of competitor, and the binding constants of other parts of the PABP were not determined. We have found that in the absence of competitor, several different fragments of the PABP are able to bind to RNA with an efficiency that is very close to that of the full-length PABP (Fig. 1B) .
The PABP is essential for viability of S. cerevisiae (18) . It is quite surprising that the strongest poly(A)-binding activity is found in the two amino-terminal RBDs (I/II) which are dispensable for viability, whereas the activity that is sufficient to rescue lethality of a PABP-deleted strain is in the carboxyl-terminal RBDs (III/IV). Furthermore, RBD IV, the most highly conserved RBD of the protein, binds better to non-poly(A) ribohomopolymers than to poly(A) ( Fig. 1 
